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Introduction
Paddy drying is a complex process, which involves simultaneous heat, mass, and momentum transfer through porous media. It is a continuous process in which the temperature of the air and grain, the moisture content (MC) of the grain, and the humidity of the air all change simultaneously [1] . Integrating the effects of moisture and temperature on changes in the properties of rice kernels is important for understanding quality deterioration during the drying process. Some researchers have showed that the physical and thermal properties of long and mediumgrain rice are linear functions of MC [2, 3] . Rice kernel MC and temperature during drying will also determine the mechanical properties of the kernels. Cooking is a process of heat treatment given the foodstuffs to make them edible and suitable for consumption.
It is determined on the basis of the variety and its physico- Yamamoto, Tendu, Japan), for which the pressure and flow rate levers were set to 3 and 4 respectively.
Subsequently, milled rice samples were weighed and separated into head rice and broken rice by using an indent cylinder-type rice grader (TRG type; Satake, Japan) for 6 min to remove the broken kernels from the whole grains.
The milling quality of the dried rice was evaluated in terms of the HRY, which was defined as the percentage of head rice mass remaining from the original 300-g rough rice sample [17] . The whiteness (W) of the white rice samples was assessed using an automated color meter (CR-20; Konica Minolta Holdings, Tokyo, Japan 
Rigidity
As shown in Table 3 , rigidity was higher for samples dried to the low FMC than those dried to the standard FMC. The average rigidity was approximately 56 N and 84 N for the standard and low FMC treatments, respectively.
Much work has been published on kernel rigidity as a factor in such diverse areas as drying and handling [24] , kernel appearance and translucency, processing and grain breakage during milling [25, 26] , and cooking quality [9, 19] . It can be stated that low FMC samples would have a greater HRY after milling due to their higher rigidity. In the present study, the FMC had a significant (P<0.01) effect on the rigidity of rough rice (Table 1) . Nagato et al. [24] found that the hardness at any specified point within the endosperm increases or decreases linearly in accordance with a decrease or increase in its MC, which is consistent with the present results.
Fissured kernels
The trends of progressive increases in the number of fissured kernels with increasing drying temperature for two FMC treatments are illustrated in Fig. 3 Drying temperature had a major effect (P<0.01) on fissure formation, and FMC also had an effect, albeit smaller.
The amounts of fissured kernels found in the present study were higher than those reported by other research-ers [29] [30] [31] . Fan et al. [31] reported that the HRY reduction for Bengal, medium-grain rice, was greater under the same drying conditions than the HRY reduction for cypress, long-grain rice that is more slender than Bengal.
In the present study, the average thickness of the Kaori grains was 2.12 mm, which was about 35 % more than the variety thickness used by Siebmorgen et al. [29] . Kernel thickness is a significant factor affecting kernel fissuring and HRY reduction, with thicker kernels being more susceptible to fissuring than thin kernels. Jindal and
Siebenmorgen [30] noted that a greater HRY reduction can be attributed to a greater thickness of kernels. Shortgrain rice is generally known for its high strength and stable milling qualities compared with long-grain rice, but in severe drying conditions, reduction in HRY is correlated with the thickness of the grain.
The observed increases in the HRY at a low drying temperature could be also interpreted in terms of the viscoelasticity of rice kernels in conjunction with glass transition effects. The HRY will decrease due to the development of strains induced by the internal stresses that develop during the drying process. Strains have two components related to the viscoelasticity of kernels: the elastic (rubbery) component, which subsides as soon as the MC gradient declines, and the viscous (sticky) component, which is effectively eliminated with drying for an appropriate length of time at the appropriate tempering temperature [29] . As the drying process proceeds, if the surface moisture evaporates faster, the moisture gradient is increased afterwards. Low FMC achieved by a low drying temperature would allow adequate time to eliminate the majority of MC gradients and accordingly the elastic component of strains in rice kernels, because the creation of internal stresses is related to glass transition effects inside the kernel when the MC gradient increases [17] .
Therefore, for samples dried at a low drying temperature with a low FMC, the percentage of fissured kernels was less, and thus a higher HRY was obtained. The thermophysical properties of rice kernels will be different in the glassy versus rubbery states, corresponding to the states at below or above the transition temperature line. At low temperatures, kernels would not completely transition into the rubbery state, and thus little fissuring would be expected. Table 3 shows the correlation between HRY and fissured kernels. As indicated in Table 3 , a strong negative correlation at a P<0.01 level was found between HRY and both drying rate (-0.91) and percentage fissured kernels (-0.85) for aromatic rice. The HRY reduction could be related to the drying rate and heating duration. This means that drying rate could be largely responsible for producing fissured kernels by increasing the moisture gradient, and subsequently affecting the HRY. When the moisture gradient declines, moisture from the central portion of the grain diffuses to the surface, causing it to expand, while the internal portion contracts due to moisture loss. The result is compression at the surface and tension in the central portions of the grain. Because of these partial expansion and partial contraction effects, stress concentration may occur in the interface between the regions of expansion and contraction. Based on the above discussion, the zones inside a rice kernel that had a high potential of stress concentration and were thus prone to fissure initiation during drying [25, 28] . Fissures caused by rapid moisture desorption occur primarily during the drying stage, and a grain with a fissure is likely to break when the kernel is milled [33] . Siebenmorgen et al. [29] found strong linear correlations between HRY and the per- We found a negative relationship between the VER and drying air temperature in both standard and low FMC (Fig. 5b) . The VER was found to vary from 2.48 to 2.28. It decreased with increases in the drying air temperature.
The Kaori variety (japonica short grain) in general contains a low percentage of amylose and has a higher WUR, which causes a higher VER in comparison with the indica variety [34] . This might be due to the thickness of the grain, which is the major difference between the grains of the two varieties. Mohapatra and Bal [9] found that grain thickness has a major effect on the VER of cooked rice, and that amylose content also has an effect. Jianrong et al. [35] 
